replication and slow HIV disease progression [1] [2] [3] [4] [5] [6] [7] [8] . In preclinical primate models, most vaccines that elicit cell-mediated immunity do not prevent infection, but they do lower post-infection viral loads and slow retroviral disease progression [9] [10] [11] . Therefore, a number of HIV-1 vaccine candidates have been developed that aim to elicit cell-mediated immunity. The goal of these vaccines is to improve immune control of viral replication after infection, to decrease HIV-1 RNA levels, and to thereby slow HIV-1 disease progression and reduce sexual transmission to others.
The
Step study was a randomized trial of the Merck adenovirus type 5 (Ad5) trivalent HIV-1 vaccine that was designed to elicit cell-mediated immunity. Three thousand adults in North America, the Caribbean, South America, and Australia were randomized to receive placebo or the vaccine. Vaccinations were halted and the study was unblinded in 2007, when the first interim analysis indicated that the vaccine would not achieve efficacy for the two primary study end points, HIV-1 acquisition and plasma HIV-1 RNA level 3 months after the diagnosis of HIV infection [12] .
In the current analysis, we evaluate the effect of the vaccine on HIV/AIDS disease progression in subjects who became HIV-1-infected during the Step trial. Measures of disease progression include HIV-1 RNA levels, CD41 T cell counts, time to antiretroviral therapy (ART), and AIDS-free survival during post-infection follow-up [13] [14] [15] .
METHODS
Step Study Design and Vaccine
Step study was a multicenter, double-blind, randomized, placebo-controlled study of the MRKAd5 HIV-1 gag/pol/nef vaccine. The study was performed at 34 sites in North America, the Caribbean, South America, and Australia, in regions where clade B HIV-1 is predominant. Complete details on the study design are provided elsewhere [12] . Three thousand HIV-1-negative participants 18-45 years of age who were at high risk of HIV-1 acquisition were enrolled and randomized to receive vaccine or placebo in a 1:1 ratio, stratified by Ad5 antibody titers at enrollment (<18 [lower limit of detection of assay], 19-200, 201-1000, and .1000), sex, and study site. The vaccine consisted of a 1:1:1 mixture of 3 replication-defective Ad5 vectors, one each containing the gag, pol, and nef gene inserts from HIV-1 clade B strains [16] . The placebo consisted of the diluent only. The trial opened in December of 2004. Subjects received vaccinations at day 1 (enrollment), week 4, and week 26 and were observed through week 208.
The institutional review board at each clinical site approved the protocol, and participants completed a thorough written informed consent process before enrolment.
Testing for HIV-1 Infection
Subjects were tested for HIV-1 infection at day 1; weeks 12 30, and 52; and every 26 weeks thereafter through week 208. All HIV-1 tests were done at a central laboratory. [17] .
All HIV-1-infected participants were assured access to ART [18] . HIV-1-infected participants were treated according to the clinical judgment of their primary care clinician and guidelines in their country. Study-specified antiretroviral regimens or guidelines were not used. Some clinicians opted to treat acute HIV infection. Others initiated therapy using the guidelines of the United States Department of Health and Human Services [19] , the World Health Organization [20] , or the International AIDS Society-USA [21] .
Subjects Included in Analysis of HIV/AIDS Progression
We include in the analysis all male subjects in the Step trial who were HIV-1-uninfected at randomization, who received at least 1 dose of study vaccine or placebo, and who became HIV-1-infected between December 2004, when the study opened, and 17 October 2007, shortly before the study was unblinded. We exclude women from this analysis because of the very small number of HIV-1-infected women in the Step study prior to unblinding, and because of some suggestion that HIV disease progression may be different in women than in men [22] . We include follow-up data on subjects through 22 September 2009.
Statistical Methods
We describe the baseline characteristics of the study subjects, including age, sex, race, country of residence, Ad5 seropositivity, herpes simplex virus type 2 (HSV-2) serostatus, self-reported circumcision status, and HLA group. The distribution of these baseline characteristics is compared between the vaccine and placebo groups using Wilcoxon rank-sum tests for continuous variables, v 2 tests for categorical variables, and tests of proportions for binary variables. Individuals missing a baseline characteristic are excluded from the analysis, and P values are adjusted for multiple comparisons using the Holm method [23] . Baseline characteristics are also included in the multivariate models described below. Ad5 serostatus is included in all analyses, because it was a pre-specified stratification variable. Circumcision status is included in multivariate analyses, because it modified the effect of vaccination status on HIV acquisition in the Step trial [12] and is therefore included to control for selection bias of HIV-infected patients [24] [25] [26] . Four-digit resolution HLA types are included, because they have been strongly associated with HIV-1 RNA set point and HIV disease progression. Participants are categorized on the basis of previous publications as possessing protective (B27, B57, B5801), unfavorable (B*3502, *3503, *3504, B53, or homozygous in at least 1 locus for nonprotective alleles), and neutral haplotypes (all others) [27] [28] [29] [30] [31] . We also adjust for other characteristics that are plausibly associated with postinfection outcomes. For consistency with previous analyses of the Step study data, we use dichotomous versions of the following variables: age (.30 years v < 30 years), race (white vs non-white), region of residence (North America vs Other), circumcision status, HSV-2 serostatus, and Ad5 seropositivity (titers .18 vs <18). Two North American subjects with missing circumcision status data are regarded as circumcised in all multivariate analyses. One subject with missing HLA type and 1 subject with missing HSV-2 serostatus data are excluded from analyses that include HSV-2 serostatus and HLA type.
We report the status of study participants at the time of analysis (22 September 2009 ). This includes the number of subjects who were lost to follow-up and the number of missed visits during the follow-up period.
During the study period, ART-naive CD41 T cell and HIV-1 RNA data are unavailable at some time points, because subjects had already initiated ART, missed a visit, or were lost to follow-up prior to week 78. In total, 43% of the potential pre-ART biomarker values are not available for analysis (15% due to initiation of ART; 12% due to loss to follow-up while ART naive, and 16% due to missed visits while ART naive and still under follow-up).
For descriptive analyses, we plotted log 10 pre-ART HIV-1 RNA levels. Missing HIV-1 RNA values were imputed through week 78. Missing values were due to subjects who missed a visit, initiated ART, or dropped out of the study prior to week 78. Imputation was based on other (nonmissing) measurements of viral load and CD41 T cell counts, as well as treatment assignment, age, race, region, circumcision status, HSV-2 seropositivity, Ad5 serostatus, and HLA group [32, 33] . Imputed values represent averages across 10 imputations.
For inferential analyses, we estimated the difference in mean pre-ART log viral load between vaccine and placebo groups using weighted generalized estimating equation (GEE) models [34] [35] [36] . Here, also, viral load values are censored at the time of ART initiation. We accounted for the missing viral load data by weighting each observation with respect to the inverse probability of being observed (see Supplementary Materials). For comparison, we also considered a standard unweighted analysis that ignored the missing data, as well as a full likelihood-based analysis (see Supplementary Materials). We estimated the difference in means after adjusting for visit week and Ad5 serostatus and after additional adjustment for age, race, region, circumcision status, HSV-2 serostatus, and HLA group. We tested for changes in the vaccine and HLA effects over time and for modification of the vaccine effect by HLA group, circumcision status, and Ad5 serostatus using generalized Wald tests of interaction.
We plotted the observed pre-ART CD41 T cell counts, showing the mean of all observed values at each study time point. Missing values were filled in through week 78 using the multiple imputation approach described above for descriptive analyses. CD41 T cell counts were square-root transformed for analysis to create a more symmetrical distribution. We estimated the difference in mean square-root CD41 T cell count between vaccine and placebo groups using the weighted GEE, unweighted GEE, and likelihood-based approaches described above in relation to the analysis of viral load.
We detailed the time of antiretroviral initiation using KaplanMeier survival plots, log-rank tests, and Cox proportional hazards models. We described the number of patients who progressed to AIDS according to the 1993 CDC classification system. We compared AIDS-free survival between vaccine and placebo groups using the log rank test.
RESULTS

Study Subjects and Characteristics
Of the 3000 study participants enrolled in the Step trial, 90 were HIV-uninfected at randomization, received at least 1 dose of vaccine or placebo, and became HIV-infected from December 2004 through November 2007. Only 2 of these participants were female, and they are excluded from analysis. One male subject used post-exposure antiretroviral prophylaxis and was receiving antiretroviral drugs at the time of HIV-1 diagnosis. He is excluded from all analyses of postinfection outcomes.
Characteristics of the 87 subjects who were included in the analysis of HIV/AIDS disease progression are described in Table 1 . The majority of patients came from the United States. The majority of patients were white; the average age was 31 years. Subjects were randomized from March 2005 through November 2006 (median date of randomization, January 2006) and received a diagnosis of HIV-1 infection between 28 and 751 days after the first vaccination (median time to diagnosis, 287 days). There are no significant differences in baseline characteristics between treatment arms.
Subject Status and Data Available at the Time of Analysis
The median length of post-infection follow-up was 732 days. (The median time from diagnosis to date of last visit was 749 days for vaccine recipients and 660 days for placebo recipients.) Twenty (23%) of the subjects were lost to follow-up prior to planned study completion or prior to September 2009. The rate of dropout did not differ between treatment arms (P 5 .37, by log-rank test).
HIV-1 RNA Levels
There was an average of 5 pre-ART HIV-1 RNA levels determined for each volunteer (range, 1-11 measures). At weeks 0, 1, 2, 8, 12, 26, 52, and 78 average pre-ART log 10 viral load was 4.79, 4.85, 4.72, 4.53, 4.49, 4.55, 4.48, and 4.43 copies/mL, respectively, pooling across the vaccine and placebo groups. There was no significant effect of vaccine on log HIV-1 RNA levels among study participants overall (Figure 1 ). The estimated difference in mean log 10 viral load between vaccine recipients and placebos recipients is -0.15 (95% confidence interval [CI], -0.47 to 0.17; P 5 .36). After adjusting for age, race, region, circumcision status, HSV-2 serostatus, Ad5 serostatus, and HLA group, the estimated difference is -0.11, (95% CI, -0.40 to 0.18, P 5 .47). We found no evidence that the effect of HLA or vaccine on viral load changed over time (P 5 .20 and P 5 .95, respectively). Neither do we find evidence that the vaccine effect is modified by circumcision status (P 5 .32) or Ad5 serostatus (P 5 .82). Estimates based on the unweighted analysis that ignored the missing data were very similar (see Supplementary Materials).
HLA group modified the vaccine effect on longitudinal HIV-1 RNA levels (P 5 .03), and there is some evidence that the vaccine had an effect in a subset of subjects. The evidence of a vaccine effect was concentrated in the group of participants with protective HLA alleles. In subjects with protective a P values for tests comparing the distribution of baseline characteristics between the vaccine group and the placebo group.
b HLA types are categorized on the basis of their association with HIV disease progression as protective (B27, B57, and B58), unfavorable (B35 and B53), or neutral (all others).
HLA types (B27, B57, B58), the mean HIV-1 RNA level over time was 0.86 log 10 lower in the vaccine group than in the placebo group (95% CI, -1.52 to -0.20). In the unfavorable HLA group, there was a 0.19 higher log 10 HIV-1 RNA level in vaccine recipients than in placebo recipients (95% CI, -0.46 to 0.84), and in the neutral HLA group there was a 0.15 lower log viral load in vaccine recipients than in placebo recipients (95% CI, -0.50 to 0.20). Estimates based on the unweighted analysis that ignored the missing viral load data were very similar (see Supplementary Materials).
CD41 T cell Counts
There was an average of 4 pre-ART CD41 T cell counts for each volunteer, (range, 0-10 counts). At weeks 1, 2, 8, 12, 26, 52, and 78, the average pre-ART observed CD41 T cell count was 489, 535, 539, 515, 477, 460, and 474 cells/mL, respectively, pooling across the 2 treatment groups. There was no significant effect of vaccine on CD41 T cell count (Figure 2 ). The estimated difference in mean square-root CD41 T cell count between vaccine and placebo groups is 1.11, which is 0.2 standard deviations (95% CI, -0.95 to 3.17; P 5 .29). After adjusting for age, race, region, circumcision status, HSV-2 serostatus, Ad5 serostatus, and HLA group, the estimated difference was 1.33, which is still less than 0.3 standard deviations (95% CI, -0.52 to 3.17; P 5 .16). We found no evidence that the vaccine effect on CD41 T cell count was modified by HLA group (P 5 .88), circumcision status (P 5 .24), or Ad5 serostatus (P 5 .34). Neither did we find evidence that the HLA or vaccine effect on CD41 T cell counts changed over time (P 5 .58 and P 5 .89, respectively). Estimates from the unweighted analysis that ignored the missing data were very similar (see Supplementary Materials).
Time to Initiation of Antiretroviral Therapy
Thirty-four (39%) of the 87 participants initiated ART between 27 and 800 days after HIV diagnosis (median time to ART, 275 days) and the frequency of ART use was similar in the vaccine and placebo groups. In the vaccine group, 19 (37%) of 52 subjects started ART, including 3 who received antiretroviral drugs during acute HIV infection. In the placebo group, 15 (43%) of 35 started ART, including 1 who received antiretroviral drugs during acute HIV infection. Figure 3 displays Kaplan-Meier curves for time to ART initiation by treatment assignment. A log-rank test comparing time to initiation of therapy between groups, stratified on Ad5 serostatus, was not significant (P 5 .77). Using a Cox proportional hazards regression model adjusting for age, race, region, circumcision status, HSV-2 serostatus, Ad5 serostatus, and HLA group, we estimated that the ratio of hazards in the vaccine and placebo groups was 1.14 (95% CI, 0.55-2.37; P 5 .72). There is no evidence of significant modification of the vaccine effect by circumcision status (P 5 .53) or Ad5 serostatus (P 5 .62). A formal test of effect modification by HLA is not possible because of sparse strata; 1 (20%) of the 5 placebo recipients versus 0 of 9 vaccine recipients in the protective HLA group initiated ART. There is no evidence that the vaccine effect differed after treatment unblinding in November 2007 (P5 . 46) . Among participants who initiated ART, 9 of 15 placebo recipients and 7 of 19 vaccine recipients began ART after unblinding. Finally, when the 4 subjects who started ART for acute HIV infection were censored, there was still no significant difference between vaccine and placebo groups.
AIDS-free Survival
Fourteen (16%) of the 87 patients satisfied the CDC case definition of AIDS during the study period, 9 in the vaccine group and 5 in the placebo group. Four subjects developed a CDC stage C AIDS clinical event; 10 other subjects developed a CD41 T cell count of , 200 cells/mm 3 . None of the 87 patients died. There was no difference in AIDS-free survival between the vaccine and placebo groups (P 5 .69).
DISCUSSION
Among 87 male study participants who acquired HIV infection during the Step study, there was no difference in HIV disease progression between vaccine and placebo recipients during 2 years of follow-up. HIV RNA levels, CD41 T cell counts, time to initiation of ART, and AIDS-free survival were the same for vaccine and placebo recipients. There may have been a favorable effect of the vaccine on HIV-1 RNA levels in a subset of participants with HLA types associated with better immune control of HIV-1.
These results are consistent with the primary analysis of the Step study that was conducted when the study was halted in October 2007 [12] . The earlier analysis found no vaccine effect on set point viral load, defined as the average log 10 viral load at weeks 8 and 12 after infection. Our analysis includes the full set of additional follow-up, through October 2009, and incorporates the longitudinal viral load and CD41 T cell count measurements, as well as time to initiation of ART and AIDS-free survival. The breadth, magnitude, or functionality of the immune response elicited by the MRKAd5 HIV-1 gag/pol/nef vaccine may not have been sufficient to affect HIV-1 viral load set point and disease progression [37] [38] [39] [40] [41] . Furthermore, rapid HIV-1 escape from immunologic control and exhaustion of cell-mediated immunity may also explain the inability of the MRKAd5 HIV-1 gag/pol/nef vaccine to affect HIV-1 disease progression [8, [42] [43] [44] .
The failure of MRKAd5 HIV-1 gag/pol/nef to control viremia is perplexing in light of the robust CD81 T cell responses elicited by the vaccine [37] . Studies of cellular immunity in elite controllers [6] and in vaccinated and non-vaccinated nonhuman primates suggest that HIV-specific CD81 T cells play a central role in maintaining effective control of viral replication. We are conducting additional studies to characterize the nature of the cellular response in Step study vaccine recipients to elucidate why it failed to control viral replication; this information may guide development of more-efficacious T cell vaccines. Results from a large trial in Thailand, RV144, which used a vaccine regimen comprising a series of 4 priming injections of recombinant canarypox vaccine accompanied by a booster injection of a recombinant bivalent (B/E) glycoprotein 120 subunit protein on the final 2 vaccination occasions, showed modest protection against HIV acquisition [45] . The immune profile elicited by this regimen differed substantially from that seen in response to the Merck vaccine; it too was ineffective in controlling early viremia or maintaining CD41 T cell count among infected study participants.
We found no effect of Ad5 serostatus or circumcision status on HIV disease progression. There may have been a modest effect of the MRKAd5 HIV-1 gag/pol/nef vaccine on HIV-1 RNA levels among a subset of subjects with HLA types known to be associated with lower viral load set points and a slower course of disease progression (HLA B27, B57, and B58). In a previous study of recombinant canarypox ALVAC-HIV vCP205, vaccinated healthy volunteers with HLA-B27 or -B57 developed earlier and greater magnitude CTL responses than did vaccine recipients with other class I alleles, suggesting that HLA alleles can favorably alter HIV-specific immune responses following vaccination [46] . The number of patients was small, and the trend was modest; therefore, these data need to be interpreted with caution.
Several participants started ART during acute HIV infection, and 30% of the participants started ART by 1 year. Of note, international HIV treatment guidelines are moving towards earlier initiation of therapy. Future HIV vaccine trials that plan to observe HIV disease progression in infected volunteers should design their studies to anticipate that a large proportion of participants will start ART within 1 year of diagnosis of HIV infection.
In HIV-infected participants in the Step study, there was no difference in HIV RNA levels, CD41 T cell counts, time to ART initiation, and AIDS-free survival between the vaccine and placebo recipients. There may have been a favorable effect of the vaccine on HIV-1 RNA levels in a subset of participants. Additional clinical testing of vaccine candidates that aims to elicit robust cellular immunity, alone or in combination with antigens eliciting a humoral response, is warranted to build on these early findings in selecting regimens that will reduce HIV acquisition and effectively control viral replication.
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